Abstract
complement, and anti-inflammation [2] [3] [4] [5] [6] [7] [8] . In recent TCM practices, shengma is used for improving lipid profiles and cardiovascular health, and isoferulic acid isolated from A. cimicifuga showed activity in reducing blood glucose concentration of diabetic mice [9] . However, the biologically active constituents related with lowering serum cholesterol and triglycerides, as well as with resistance to atherosclerosis are not clear. In our research, three new monoterpene lactones, cimicifugolides A−C (1-3), and one known monoterpene (3S)-4-α-hydroxy-3-(2-hydroxyethylidene)-5-β-(2-methylprop-1-enyl) dihydrofuran-2-one (4) were isolated from roots and rhizomes of A. cimicifuga (l " Fig. 1 ). It is the first time that monoterpenes have been identified in this species. In this paper, we describe the isolation and structural elucidation of the three new monoterpene lactones as well as their ability to inhibit pancreatic lipase in vitro. The molecular formula C 10 ) groups. The 13 C NMR spectrum (l " Table 1 ) of 1 showed ten signals for one ester carbonyl group, two trisubstituted double bonds, three oxygenated sp3 carbons, and two methyl groups. Because three degrees of unsaturation were accounted for one carbonyl and two double bonds, the molecular structure of 1 must possess one ring, which implied that 1 might be a monoterpene lactone. Comparison of NMR data with those of the known compound 4 and the aglycon of kodemariosides C, D, and F revealed that 1 was likely the analogue of compound 4 [10] with an E-configured exocyclic double bond. The planar structure of 1 was confirmed by the HMBC spectrum of 1 (l " Fig. 2 ). The trans configuration of H-4 and H-5 was elucidated by the correlations of H 3 -10/H-4 and H-4/H-6 in the ROESY spectrum (l " Fig. 3 ). On the basis of the above results, the structure of 1 was assigned as rel-(3R,4S,E)-3-hydroxy-2-hydroxyethylidene-6-methylhept-5-en-1,4-olide, and 1 was given the trivial name cimicifugolide A. The molecular formula C 11 3 carbons including one methoxy group, and two methyl groups. The NMR data of 2 were similar to those of 1 except that the signals for one double bond had disappeared in 2 and three signals for two methine and one methoxy groups were observed in the 13 C NMR spectrum of 2. A molecular fragment from C-1 to C-6 was easily established by the Fig. 2 ). Furthermore, the planar structure of 2 was elucidated as shown in l " Fig. 2 by its HMBC spectrum. The trans-configuration of H-4 and H-5 was deduced by the cor- relations of H 3 -10/H-5 and H-4/H-6 in the ROESY spectrum (l " Fig. 3 ). Additionally, the cis-configuration of H-3 and H-5 was determined by the correlations between H-3 and H-5 (l " Fig. 3 ). Thus, the structure of 2 (cimicifugolide B) was assigned as rel-(2R,3S,4R)-3-hydroxy-2-(hydroxy-1-methoxyethyl)-6-methylhept-5-en-1,4-olide. The molecular formula C 10 H 12 O 3 of compound 3 was assigned from HREIMS m/z 180.0783, indicating 5 degrees of unsaturation. The 13 C NMR (l " Table 1 ) spectrum revealed 10 carbon signals: two carbonyl groups, two trisubstituted double bonds, two methylene groups, and two methyl groups. Compound 3 also possessed the characteristics of monoterpene lactones. Based on its HMBC spectrum (l " Fig. 2 ), the structure of 3 (cimicifugolide C) was assigned as 2-(4-methyl-2-oxopent-3-enyl)-but-2-en-1,4-olide. The ability of cimicifugolides A and B, and (3S)-4-α-hydroxy-3-(2-hydroxyethyl-idene)-5-β-(2-methylprop-1-enyl) dihydrofuran-2-one to inhibit pancreatic lipase was examined in this study. The standard anti-obesity drug, orlistat, displayed an IC 50 of 1.60 ± 0.18 µg/mL in the lipase assay, while cimicifugolide A and (3S)-4-α-hydroxy-3-(2-hydroxyethyl-idene)-5-β-(2-methylprop-1-enyl) dihydrofuran-2-one, which are configurational isomers, showed IC 50 values of 130.07 ± 10.14 µg/mL and 356.28 ± 43.67 µg/mL, respectively. Cimicifugolide B showed an even lower lipase inhibitory activity with IC 50 value of 1749.82 ± 27.31 µg/mL. Although the lipase-inhibitory activity of these compounds is not strong, it might be interesting to investigate their potential involvement in the recent popular TCM practices of shengma to improve lipid profiles [11] .
Materials and Methods

!
Optical rotations were determined on a Horiba SEPA-300 polarimeter. UV spectra were recorded on a Shimadzu double-beam 210A spectrometer. IR spectra were recorded on a Bio-Rad FTS-135 infrared spectrophotometer with KBr disks. ESIMS and HR-ESIMS analyses were carried out on an API Qsta Pulsar 1 instrument. EIMS and HREIMS were carried out on a Waters Autospec Premier P776 mass spectrometer. 1D and 2D NMR spectra were recorded on Bruker AM-400, 500 MHz and DRX-500 spectrometers with TMS as an internal standard. Column chromatography was performed over silica gel (80-100, 200-300, and 300-400 mesh; Qingdao Makall Group Co., Ltd.), Sephadex LH-20 (40-70 µm; Amersham Pharmacia Biotech AB), C 18 silica gel (40 µm; Fuji Silysia Chemical Ltd.), and MCI gel CHP 20P (polystyrene type, 75-150 µm; Mitsubishi Chemical Corporation). TLC was conducted on precoated silica gel plates GF 254 (Qingdao). TLC spots were visualized under UV light and detected by spraying with 5% H 2 SO 4 in EtOH, followed by heating. Roots and rhizomes of A. cimicifuga were collected from ShangriLa, Yunnan Province, China, in November 2009. The plant specimen was collected and identified by Professor Chunlin Long, and Lipase inhibition activity assay was done according to the method described by Liu et al. [12] with minor modifications which were described in Supporting Information.
Supporting information
1D and 2D NMR spectra for the new compounds (1-3), the lipase inhibition activity assay, and a flowchart for the isolation of chemical constituents from Actaea cimicifuga are available as Supporting Information.
